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GENERAL 



Embryology and Fetal Zone / 

The adrenal cortex arises, in the /em- 
bryo, from the intermediate cell /mass 
(lateral plate mesoderm). At about the 
10-mm. stage of gestation (35 days/ a wave 
of cells migrates from the somatopleure 
to a position at the root of the/mesentery. 
These.-cells"afe “destined to- form-The fetal , 
"of transitional zone, first described by 
Slarklowna and Wcgrezynowski.y During 
fetal life this zone accounts Jpp / the most 
the gland’s bulk. As the" first wave of 
cell-migration (12 mm. or 45 days) is being 
completed a second wave of cells from 
the same general somatopleure area mi- 
grates to envelop the first cluster forming 
the outer subcapsular layer. These cells 
constitute the definitive part of the fetal 
gland which ultimately becomes the cortex 
in adult life. Immediately after birth the 
fetal zone undergoes physiologic atrophy. 
The cvent(s) causing or permitting this 
atrophy are unknown. It is definitely re- 
lated to birth because adrenals of prema- 
ture infants begin to atrophy at birth and 
the rate is the same as in term infants. 
In postmature infants the fetal cortex does 
not begin involution until actual birth, 
whereupon atrophy proceeds at the ex- 
pected rate. Since the atrophy proceeds 
in the presence of presumably normal 
amounts of adrenocorticotropic hormone 
(ACTH) from the infant’s own pituitary, 



it appears obvious that absence of post- 
natal ACTH is not the etiologic factor. 
This atrophy cannot be inhibited by ad- 
ministration of exogenous porcine ACTH. 
How this fetal zone grows and is main- 
tained during intrauterine life is an 
enigma. In cases of anencephaly, the fetal 
zone is formed normally but undergoes 
atrophy after the 5th month of gestation* 
(Fig. 9.1 A), even in those few cases of 
anencephaly with a normal volume of 
pituitary tissue (Fig. 9.I5). 3 One of the 
suggestions has been that some special 
trophic substance is present during fetal 
life, but not after delivery 4 . A special 
fetal zone adrenocorticotrophic hormone 
(“FZACTH”) may be formed in the 
central nervous system only during fetal 
life or perhaps the fetal pituitary under 
influence of an intact hypothalamus may 
form an ACTH with unusual amino acid 
sequence. 

We need not dwell on the histology of 
the fetal gland because the reader can 
easily observe that the definitive layer 
beneath the capsule is composed of cells 
of moderate size sharply demarcated and 
with good affinity for the usual H&E dyes. 
The nuclei stain prominently basophilic 
with a sharp membrane; the cytoplasm 
stains light purple. Because of its periph- 
eral position this layer of cells although 
only 1- to 2-mm. thick constitutes about 
30% of the cortex of the fetal gland. 4 

The cells of the fetal zone which consti- 
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endocrine pathology 



adrenocortical hormones from maternal one ! 

U ^. e dep *® ied and the infant’s failure which ? e *® cted hom this serieition a type of portal circulation or an area 

rm its own hormones becomes evident. normal -.n| C | J l,d ged to be completelywhich, at times, may have stagnant (low 

,s most important not to confuse the when th between the ages of 20 and 60and on occasion may even flow backward 
C a nT ° f human adrenal with the due in 16 pa f lent und erwent sudden deaththrough emissary veins to the surface. 

ed * 2une of the mouse adrenal dent wound > automobile acci- As the tributaries of the veins to and 

rex, about which there is an extensive from’ lhe mean combined weight through the medulla merge, they bring 

e ^ a || lre ’ h'tter appears in the juxta and X i ,s 8 r oup was 9.7 g. for the males with them a collar or cuff of cortical cells, 
medullary region about 21 days after birth. |.l 8 ‘ ‘ he females - 8 ' Only in the head region do small muscu- 

isappears in the male at about 45 days sh ine ^ 0I ^ et| m es said that the geometric lar venous radicles lie free in medullary 
o age simultaneous with appearance of siVe 1n °H i, e S' a nds is determined by the tissue without a cortical sleeve. The walls 
n rogens from the testes; it persists in the nnK, n . , S ,, apC space available. This is of the central vein in the head of the gland 
”! ae antd lhe senile ovary begins to enmnf y C0 J rect - The foldings, fissures, are composed of longitudinal smooth 
.■ e androgens at about 200 days. Involu- Hup J^ X sur ^ accs more logically can be muscle libers which are much thicker on 
n cgins at the first pregnancy when the mdi ' growt b rates required by the posterior side facing the crest (or on 

me androgens are produced. The “X” e« in/ IVICUa 20aes to achieve the nec-Uhat segment of the vein wall facing the 

either^spk 6 J namtained f° r a long period in adult^l™ 3 ^ 6 ^ e,at,on ^ ,l P s of the mature medulla). This has been referred to as 

. , SC j. y gonadectomy and can be virinnc * ' • spe , cdlc mass ratio of the. medullary tropism by Dobbie and Sym- 

0 disappear at any time in either homeostaiinan ' S ach,eved and maintained ' ington. 7 These workers believe that con- 

y administration of - • ‘ c ‘ d, y to provide for adequate tractions of these muscular pillars result 

cortisol P roduc tion of aldosterone and! ' n stagnation of blood in the iuxtamedul- 
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Generai Morphology 



Of the two glands, the right is more 
^angular; .he left is more elongated or 
fnto three „ f ch S la " d "lay be divided 
head „ Pa ,^ “““'rally located 



The weight of the normal adult adrenal hcad ' body^and tad' The e 1! ra H y l0Ca,ed 
fsTess'LT^^S'of 5^1 in 

-= *! iffSSSsS 

op y n 8 rotocoh WCi8 '" S f' alCd in such Vasculature 

jz 50 r , s ° ~ ^ 

and folds of the gland. With sEcli attention nenelnte^H 16 SUrfa , ce of lhe 8 la " d and 

t is found that each gland of a normal adult c-tosular capaule forming a sub- 
e„ ' 8 h a 5 '° 4 ' 5 8- Symington reported a can II r L P “"o rr r 0 " , wl,ich ^raigh. 

ibined weight for normal adrenals re- bridpp« , WI 1 ^ ew interconnecting 

moved at surgery of 7 to 8 g. in the female form* , pe " clr “ lc the zona fasciculata to I 

and 8 to 9 g. in the male.‘ J Bloodworth re at th nCb P CXlls in tlle zona reticularis 

t P h 0 e r ^l‘i!L'r he mea " “mbined weight of eulaj oles T'* 0 ?' This » 



P h 0rted that >bc mean combined weight "of cular'D^' 100 ™^ 111111 ^ ■ 
the adrenals from 351 unselerted ' , r plexus ls drained „. lw 

WaS 12 2 8 ' and thc median 11.5 g. Thirly- Therixis^af th PaSS in ‘° “’ e medU " a ' 

mere exists at the corticomedullary j 



by relatively few 



y junc- 



in stagnation of blood in the juxtamedul- 
lary sinuses thereby exposing the cells of 
the inner zona fasciculata and zona retic- 
ularis to ACTH. This stimulus, in their 
opinion, accounts for the focal depletion 
of lipids that progresses from the zona 
reticularis outward under ACTH stimula- 
tion. Parenthetically it may be said that 
adrenal blood flow does vary considerably 
from time to time presumably regulated 
by some neuromuscular mechanism. Also 
ACTH will triple the blood flow through 
the dog adrenal within 10 minutes after 
injection. Dobbie and Symington also be- 
lieve that in some adenomas the vascular 
pattern is not arranged in the usual fash- 
ion which may account for their nonfunc- 
tional status in vivo. Yet slices from these 
adenomas do form steroid hormones when 
exposed to ACTH in vitro. 

Zones of Cortex 

The terms zona glomerulosa, zona fas- 
ciculata and zona reticularis were first 
used by Arnold 8 in 1866 and were arrived 
at entirely by observing the patterns of 
supporting reticulum. Details of the par- 
enchymal cells were not considered. The 
zona glomerulosa was said to have balls of 
cells contained in spheres of fibrous tissue; 
the zona fasciculata was described as 
parallel sheets of fibers which separate 
vertical columns of cells; the zona retic- 



ularis was considered to be formed of sheets 
of fibrous tissue arranged'in an interlocking 
pattern like cardiac muscle. 

In the human, Elias and Pauly 9 de- 
scribed eight histologic types of cortex 
(practical significance unknown) based on 
the arrangement of cells and fibrous stroma 
of the zona glomerulosa. In general, the 
cells of the zona glomerulosa are rounded 
and smaller than the polyhedral cells of 
the zona fasciculata and have less lipid 
than the cells of the zona fasciculata. The 
zona fasciculata cells are polyhedral with 
a central nucleus and in cases of sudden 
death have a foamy cytoplasm with abund- 
ant lipid. The cells of the zona reticularis 
are of two types, a light type identical 
with those in the zona fasciculata and a 
smaller “dark cell” with a deeply staining 
cytoplasm. It is held by some that these 
dark cells of the reticularis normally man- 
ufacture cortisol from cholesterol pre- 
cursors found in the light cells and cells of 
the zona fasciculata. 

Electron microscopy has revealed that 
the cords of the adrenal are continuous 
from the “corkscrew” glomerular end 
through a straight portion in the fascicu- 
lata to the reticularis where the cords be- 
come indistinct as the medulla is reached. 84 
Each cord is composed of 10 to 15 cells 
which are surrounded by a basement mem- 
brane outside of which is a network of 
capillaries. The cells of the glomerulosa 
have minimal lipid and mitochondria of the 
classical type with cristae which are plate- 
like. In the fasciculata there is a large 
amount of lipid in membrane-bound drop- 
lets and mitochondria which contain some 
plate-like cristae and some small vesicles 
which seem to “float free” in the mito- 
chondrial matrix. In some cases the vesicles 
are accompanied by long, rounded struc- 
tures which have been called “tubules.” 
In the reticularis the cells contain variable 
amounts of lipid depending on whether 
they are dark (compact cells with minimal 
lipid) or light cells (clear cells with much 
lipid). The mitochondria of the reticularis 
are of a special kind which are found in all 
cells concerned with the production of 
steroids. The mitochondria have a double 



